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学位論文内容の要旨
Ⅰntroduction:Chondrocytesaredividedintwogroups:transientandpermanentones,
Theformeronegoesthrough thecomplexprocessofphysiologicalendochondral
ossi丘cation;whereasinthelaterones,ossificationispreventedbyunknownmolecules.
Inthiscontext,themechanismofarticularcartilagedevelopmentwithinsynovialjoints
isparticularlyinteresting.Articularcartilageisathinstripofcartilagethatpersists
throughouttheentiregrowthanddevelopmentprocessandmaintainsitsintegrity.The
moleculesactinglocalytodividetheepiphysealcbondrocytes(EC)intotwothese
populationsintheepiphysishavenotyetbeenidentified.
TheCCNfamilyinfluencescartilagehomeostasis.AsCCN3hasbeenshowntorepress
proliferation and matrix calcification ofcostalchondrocytes (CC)undergoing
endochondralossifcation,wehypothesizedthatCCN3mightbeoneofthefactors
involvedindrivingthearticularchondrocytephenotype,actingbyslowingdowntheir
proliferationandpreventingtheirmaturationtowardsendochondralossifcation.After
verifyingtheproductionofCCN3invivo,weevaluatedtheefectofexogenousCCN3
mainlyonthecelsfrom thedistalfemoralepiphysisofratsbeforesecondary
ossi丘cation.
Methods:Immunohistochemistry(IHC)forCCN3wasperformedonfemursfrom
5･day･oldSprague-Dawleyratsandimmunocytochemistryfortenascin-Cwasdoneon
celsfrom distalthird offemoralepiphysisand from rib cage of5･day･old
Sprague-Dawleyrats.Westernblotting(WB)analysisforCCN3wasalsoperformed
withtissuelysatefromthedistalhalvesofepiphysis.
CelsforL'DVltz10analystsWereObtainedfromfemoraldistalepiphysisandfromthe
ribcage.Celsgrowntoconnuenceweretreatedwithoneofthefわlowingproteins:
human recombinant CCN3 fused with GST (GST'NOV) Or GST only and
glycosamlnOglycan synthesiswasestimated through [35S]sulfateincorporation.
Proteoglycanaccumulationinculturewasalsoevaluatedbyalcianbluestainingupon
thesametreatmentdescribedabovealong2weeks
Celsgrowntosub-connuenceweretreatedwithrec.ombinantCCN3(rCCN3)andDNA
synthesiswasestimatedthrough [3日]thymidineIncorporation.Viablecelnumbers
wereestimatedbyWSTl1assayuponthesametreatmentabovetofurthercon丘rmthe
resultsfromDNAsynthesisestimation.
Formatrixcalcifcation assay,celsweretreatedfortwoweekswithmedium
supplementedwithascorbicacidandB･glycerophosphate･Mineralizationdegreewas
assayedthrough alizarinredstain･
TheefectofexogenousCCN30nECsandCCs,aswelasthatofCCN3knockdownon
ATDC5cels,wasevaluatedbythemRNAlevelofmarkergenesbyRT-PCR.
Re8ult8:CCN3wasfoundthroughoutthecartilagetemplateofthedistalepiphyseal
pole,beingmainlyobseⅣedinthechondrocyteterritorialmatrix･Signi丘cantsignals
werealsopresentassociatedwiththecels.Adistinctsignalcouldalsobeobservedby
WBanalysis.
Estimatedby【35S】su瓜teincorporation,enhancedproteoglycansynthesiswasobserved
upon addition ofrCCN3 at2nM.CCN3 increased the proteoglycan content
accumulatedduringthecourseof2weeks,asrevealedbyalcianbluestaining.
DNAsynthesis,estimatedby【3H】thymidineincorporation,wasdecreasedby2nM
rCCN3.ThedecreasedDNAsynthesiswasaccompaniedbyreducedmitochondrial
metabolicactivity,asshownbytheWST･1assay.
PhenotypeassessmentshowedthatECswereclosetoarticularchondrocytes.Wefound
thatthenumberofcelsproducingtenascin･C,atypicalmarkerofarticular
chondrocytes,washigherinECsthaninCCs.Thehighermatrixcalci丘Cationlevel
presentedbyCCsthanbyECscorroboratesthesephenotypicaldiferences.The
expressionleveloftheCCN3genewasshowntoberemarkablyhigherinECs.Inthese
cels,theexpressionofaggrecancoreproteinwasup-regulatedat48ha洗ertheaddition
ofrCCN3.Expressionoftenascin･Calsodisplayedup-regulationinthosecels,while
typeX colagengeneexpressionwasrepresseda氏er48hofrCCN3treatment.
Tenascin-Cwas,atamarginalysignifcantlevel,up･regulatedalsoinCCsuponthe
sametreatment.
ATDC5cels,afterinfectionwitharetroviralvectorexpressingashorthairplnSiRNA
againstCCN3mRNA,WereinducedtodiferentiatebytheadditionofITS.Thedegree
ofsilenclngWasnotStriking,butitresultedinslgnifcantchangesinthegene
expressionoftenascin･CandtypeXcolagen.Theseresultsareconsistentwiththedata
withrCCN3andfurtherindicatethecontributionofCCN3indirectingimmature
chondrocytestowardsthepathwayofdiferentiationtoarticularchondrocytes
Di8Cu88ion:IHCcon丘rmedthatepiphysealcartilagestronglyproducedCCN3denoting
criticalrolesinarticularcartilagedevelopment,Theproliferation-inhibitingefectand
theenhancedmatrixproduction,exertedbyCCN3bestowedthesecelswithlowmitotic
activityandactivematrixproduction,whicharetworemarkablecharacteristicsof
chondrocytesformingarticularcartilage.
CCN3alsoremarkablyincreasedtenascin･CexpressioninECs,whichrepresentthe
promotionofdiferentiationtowardarticularchondrocytes.Similarefectwasobserved
alsoonCCsundergoingendochondralossifcation.TherepressionofcolagentypeX
geneexpressionbyCCN3alsoindicatesthatitdirectschondrocytesawayfromthe
endochondralpathway･Thishypothesiswassupportedbyaknockdownstrategyon
ATDC5cels.TheseresultstogethersuggestanovelefectofCCN3thatmaydirectEC
towardsarticularcartilageconstruction.
Inlightofthenewdatapresentedhere,weproposethatCCN3isthemoleculebehind
thenon-calcifyingphenotypeofarticularchondrocyteseveninthepresenceofCCN2,
whichpromotesmaturationtowardsendochondralossi丘cationinCCs.Wealsopropose
thatthedown･regulationofCCN3inarticularcartilagemaybeinvolvedinthegenesis
ofosteoarthritis･Externalfactors,suchasmechanicaloverloadtothearticularcartilage,
couldturnCCN3Of,inducingchondrocytestoentertheendochondralossification
pathwaytoformosteophytes.
学位論文審査結果の要旨
関節の発生過程においては､骨端軟骨原基を形成する均質な軟骨細胞は二つの異なる分
化過程を経て関節軟骨と骨組織を形成する｡しかしながらこれら軟骨細胞を二つの分化方
向に振り分けるメカニズムは明らかではない｡本研究ではそこで役割を演ずる局所シグナ
ル分子としてCCNファミリーメンバー3(CCN3)に着目し､その機能検証を行った｡
その結果､明らかになったことは下記のとおりである
1) 生後5日目ラットの骨端軟骨においてCCN3タンパク質が局在するo
2) ラット骨端軟骨原基を形成する細胞の大部分は関節軟骨細胞マーカーである
tenascinlC(TNC)陽性である一万､肋軟骨ではTNC陰性細胞が大部分を占めていたO興味
深いことにCCN3遺伝子発現も骨端軟骨細胞の方が肋軟骨より高く､TNC発現量と正の相関
を見せた｡
3) rCCN3添加によって骨端軟骨細胞の増殖は抑制されると同時に軟骨基質産生が増強さ
れた｡
4) rCCN3はtenascin-C遺伝子発現に有意な増強効果を示す一方 type‡collagen遺伝子
発現に有意の抑制効果を示すのが観察された0
5) ATDC5細胞を軟骨細胞初期分化に導き､shRNAによってCCN3遺伝子ノックダウンを行
ったところ,rCCN3添加実験とほぼ逆に内軟骨性骨化へ向けての軟骨細胞の分化誘導促進現
象が観察された｡
これらの知見は CCN3が骨端軟骨鼠織に存在し,関節軟骨細胞への分化に軟骨細胞を誘導
していることを強く示唆している｡またノックダウン実験の結果からは､CCN3欠乏と変形
性関節症との関連も示唆され極めて興味深い｡
よって､審査委員会は本論文に博士 (歯学)の学位論文としての価値を認める｡
